Accretionary orogens form from the addition of material to continents from plate margin processes at convergent or transpressive plate boundaries, and are one of the most important 'factories' for generating, recycling and maturing continental crust (e.g. Condie 2007 ). Palaeozoic -Mesozoic accretionary margins extended over 20 000 km around the margin of Gondwana from the present northern Andes to eastern Australia ( Fig. 1a; e.g. Foster & Gray 2000; Cawood 2005) . Accretionary processes along the Gondwanan margin added some 20 -30% to the area of some continents including Australia, and are still continuing at the edge of the Australian plate in New Zealand (Gray et al. 2007) .
The Tasmanides (Fig. 1b) of Australia show eastward younging in accretion of submarine fans, fragments of ocean crust, volcanic arcs and forearc basins from the Delamerian -Ross orogen to New Zealand (e.g. Foster & Gray 2000; Cawood 2005; Gray et al. 2007 ). The Lachlan orogen (Fig. 2) , which is the central belt within the Australian Tasmanides, is an exceptionally well-preserved accretionary orogen. This belt formed largely in a deep-water oceanic setting from structural thickening and accretion of continental detritus and juvenile igneous components, without the incorporation of extensive blocks of older continental crust, and has great potential for improving our understanding of continental growth and recycling processes (Foster & Gray 2000; Collins 2002a; Glen 2005) . The Lachlan orogen is widely applicable as a template for circum-Pacific accretionary orogens typified by marginal basins and large volumes of turbidite.
In this paper we review the tectonic history of the Lachlan orogen and present trace element and isotopic data from Cambrian metavolcanic rocks, which form the basement for the orogen. The focus of the geochemical investigation is on the Middle Cambrian calc-alkaline Jamieson -Licola volcanic rocks that formed within the proto-Lachlan marginal ocean basin. The data obtained are used to infer the nature of the lower crust and define the crustal growth and recycling processes in the Lachlan orogen.
The Lachlan orogen

Geological framework
Continental crust of eastern Australia formed along the margin of the supercontinent of Gondwana during the Palaeozoic and early Mesozoic as a result of accretion of oceanic crust, recycled continent-derived turbidite, and volcanic arcs. Eastern Australia is composed of distinct orogenic belts collectively referred to as the Tasmanides (Fig. 2 ). Accretion occurred with an eastward younging of peak deformation of Middle Cambrian, Ordovician-Devonian and Permian-Triassic age in the respective belts. Outboard of the Tasman orogen, the continental landmass of New Zealand records continuous sedimentation and accretionary prism development above the subduction system from Permian to Late Cretaceous times (Bradshaw 1989; Mortimer 2004) .
The Palaeozoic Lachlan orogen (Fig. 2) is a composite orogen dominated by Cambrian to Ordovician turbidites that formed a large submarine fan system comparable in dimension with the Bengal fan (Fergusson & Coney 1992a) . Rocks of the Western and Central Lachlan orogen are mainly early Palaeozoic quartz-rich sandstone and black shale turbidites, which are laterally extensive over the 800 km width, and have thicknesses upwards of 10 km. The Eastern Lachlan orogen consists of andesite, volcaniclastic rocks, and limestone, as well as quartz-rich turbidite and extensive black shale (VandenBerg & Stewart 1992; Glen et al. 2007) . Age populations of detrital zircon (U -Pb) and muscovite ( 40 Ar/ 39 Ar) indicate that the turbidites were derived from the Delamerian-Ross and Pan-African orogenic belts throughout Gondwana (e.g. Turner et al. 1996; Foster et al. 1998; Veevers 2000; Squire et al. 2005) . The Lachlan turbidite fan accumulated on Cambrian back-arc and forearc crust (Fig. 3a) , consisting of predominantly low-K to arc tholeiite basalts and gabbros, high-Mg, low-Ti boninites, and calc-alkaline rocks (Crawford & Keays 1987) . The orogen developed by accretion of the oceanic sequences accompanied by marked Late Ordovician-Devonian structural thickening (c. 300%) and shortening (c. 75%) to form c. 35-40 km thick crust (Coney et al. 1990; Foster et al. 1999; Fergusson 2003) . Orogeny included widespread magmatism, which chemically and thermally matured the crustal section.
The Lachlan orogen comprises three thrust systems that constitute the western, central and eastern parts, respectively ( Fig. 2 ; . The orogen has similar lithotectonic assemblages, general structural style and average level of exposure and metamorphism along the entire .1000 km exposed length and across the 700-800 km width of the belt (Fig. 3; Powell 1983; Coney et al. 1990; Fergusson & Coney 1992b; , 2004 Foster & Gray 2000; Glen 2005 ). The Western Lachlan is an eastvergent thrust system with zones of NW -SE-and north-south-trending structures. The Central Lachlan is dominated by NW-SE-trending structures and consists of a SW-vergent thrust belt linked to an extensive high-T/low-P metamorphic complex. The Eastern Lachlan has a north-south structural grain with east-directed faults, with an older, subduction-accretion complex in the southeastern part (Narooma complex; Fig. 3a) .
The structure of the Western Lachlan is characterized by chevron folds cut by a series of linked thrust fault systems Korsch et al. 2008; Figs 4 and 5) . Major faults in the Western Lachlan are spaced about 100 -120 km apart, and are polydeformed zones characterized by transposition layering, crenulation cleavages, high, non-coaxial strains, intense mica fabrics, and isoclinal folds (e.g. Gray & Willman 1991; . The large fault zones contain dismembered Cambrian ophiolite slivers, as well as relicts of serpentinite and mud-matrix mélange incorporating blueschist knockers (Spaggiari et al. 2003a (Spaggiari et al. , 2004 .
The Eastern Lachlan orogen is made up of several major, west-dipping fault zones that penetrate to the base of the crust Gray et al. 2006b ). These faults are crustal-scale imbrications of the Ordovician Macquarie Volcanic Arc and Silurian -Early Devonian platform and deep basin sedimentary rocks. The major faults are spaced 10-15 km apart and have continuous 100-150 km length segments in profile. These major west-dipping faults evolved from SilurianDevonian normal faults that were reactivated as thrusts during the Silurian -late Early Devonian and the Carboniferous (Glen 1992; Glen et al. 1992 Glen et al. , 2002 . As a consequence, former extensional basins (e.g. Cowra and Hill End basins) have westdirected thrust faults defining their western margins.
Relicts of accretionary complexes are exposed in the southwestern part of the Central Lachlan (Howqua) and the southeastern part of the Eastern Lachlan (Narooma) (Fig. 3a) . In the Narooma Accretionary Complex large-scale imbrication is associated with chaotic block-in-matrix mélange, broken formation along high-strain zones, early bedding-parallel cleavage, recumbent folds in turbidites, and structural complexity in cherts. This succession has been interpreted as the outer-arc slope and imbricated zone of an accretionary wedge that was part of a Late Ordovician-Silurian subduction zone (e.g. Powell 1983; Miller & Gray 1997; Offler et al. 1998b; Fergusson & Frikken 2003) . In the Howqua Accretionary Complex an imbricated and chevron-folded, Late Ordovician -Silurian turbidite succession contains mud-matrix and serpentinite-matrix mélanges in the frontal fault zone (Spaggiari et al. 2002a (Spaggiari et al. , 2003b (Spaggiari et al. , 2004 as well as mud-matrix mélange along major faults within the wedge (Watson & Gray 2001 ) and a possible detached seamount (Spaggiari et al. 2004) . These have been interpreted as part of a Late Ordovician-Silurian subduction accretionary wedge (e.g. Foster & Gray 2000; Fergusson 2003) .
Deformation and metamorphism started in all of the subprovinces of the Lachlan orogen between c. 455 and 440 Ma ( Fig. 3d ; e.g. Foster et al. 1999; Foster & Gray 2007) . Metamorphism in the high-temperature-low-pressure Wagga-Omeo Metamorphic Complex and in the eastern metamorphic complexes ( Fig. 3b and d) occurred at c. 430 Ma (Maas et al. 2001; Williams 2001) . The interval c. 420-410 Ma was characterized by fault reactivation in the Western Lachlan, strike-slip motion on the large boundary faults and mylonitic shear zones of the Wagga-Omeo Metamorphic Complex, and significant exhumation (e.g. Foster et al. 1999) . The eastern part of the Western Lachlan and the Central Lachlan provinces underwent significant deformation between c. 400 and 385 Ma when they collided. The inland parts of the Eastern Lachlan are dominated by c. 400-380 Ma deformation with a central and northeastern region of c. 380-360 Ma deformation Foster et al. 1999 ; Fig. 3d ). Widespread Silurian extension and basin formation predated this phase of shortening in the Macquarie Arc. These events also overprinted the earlier fabrics in the Eastern Lachlan such as the c. 445-440 Ma fabrics in the Narooma Accretionary Complex. Although very widespread, intense Carboniferous deformation is focused in the northern part of the Lachlan orogen in the Eastern subprovince (Powell 1983; Glen 1992) .
Silurian -Devonian granitoids make up about 20% of the outcrop area of the Lachlan orogen and up to 36% in the Eastern and Central subprovinces ( Fig. 3c ; e.g. Chappell et al. 1988; ). Most of the plutons were emplaced at pressures 2 kbar within low-grade upper crustal rocks. Most plutons are post-tectonic and unmetamorphosed, although the older intrusions, such as those within the Wagga -Omeo Metamorphic Complex and Kosciusko Batholith, are significantly foliated and were emplaced synkinematically at mid-crustal depths (e.g. Hine et al. 1978; Morand & Gray 1991) . Felsic volcanic sequences are also widespread, and form c. 15% of outcrop area in the Eastern Lachlan, large post-tectonic caldera complexes in the Western Lachlan, and other fields associated with shallow-level plutons. Older volcanic provinces (440 Ma) include the basaltic -andesitic Ordovician Macquarie Volcanic Arc in the Eastern Lachlan orogen (e.g. Glen et al. 2007) .
The nature of the lower crust beneath the Lachlan turbidite succession is a subject of continued research. In the Western Lachlan Cambrian mafic volcanic rocks of oceanic affinities underlie the quartz-rich turbidite succession (Crawford & Keays 1987) , whereas in the Eastern Lachlan the oldest rocks observed are Ordovician volcanic rocks and a Late Cambrian or Early Ordovician chert -turbidite-mafic volcanic assemblage (VandenBerg & Stewart 1992; Glen et al. 2007 ). Chappell et al. (1988) suggested that trace element and isotopic data (McCulloch & Chappell 1982) from the Silurian -Devonian granitoids indicated that basement terranes comprising attenuated Proterozoic crust existed beneath the turbidites (see Anderson et al. 1998; Handler & Bennett 2001; Maas et al. 2001) . Whole-rock Nd-and Sr-isotopic data (Gray 1984; Keay et al. 1997; Soesoo et al. 1997; Collins 1998; Rossiter 2003) , Hf-and Oisotopic compositions of igneous zircons (Kemp et al. 2005 (Kemp et al. , 2007 , similar inherited zircon age populations from S-and I-type granites and the Ordovician turbidite detrital zircon populations (Keay et al. 1997; Williams 2001; Kemp et al. 2005 Kemp et al. , 2007 , however, indicate that the granitoids are derived from mixtures of the Palaeozoic turbidite, Cambrian oceanic basement and juvenile mantle-derived mafic magmas (e.g. Collins 1998; Kemp et al. 2007) . Re -Os isotopic data from mantle xenoliths in basalts from the southwestern part of the Lachlan orogen give Proterozoic models ages for the lithospheric mantle (McBride et al. 1996; Handler & Bennett 2001) . The xenolith locations are within the boundary zone between the Lachlan and Delamerian orogens, and the Delamerian orogen sits on Precambrian continental crust so that these data do not require Precambrian lower crust for the Lachlan orogen.
Seismic reflection profiles in the northeastern Lachlan (Pinchin 1980; Korsch et al. 1986 Korsch et al. , 1993 Korsch et al. , 1997 Leven et al. 1992; Glen et al. 1994 Glen et al. , 2002 Finlayson et al. 2002) , and the southern Lachlan Korsch et al. 2002 Korsch et al. , 2008 have provided an image of the crustal structure Gray et al. 2006b ). These studies show that most major fault zones dip to the west, that steeply dipping faults at the present erosion surface tend to decrease in dip with depth, and that regions between major faults sometimes show complex intersecting networks of both eastand west-dipping faults and shear zones. The reflection studies in the Eastern Lachlan image the structure of the dismembered Ordovician volcanic arc crust (Glen et al. 2007) . Isostatic considerations require a dense (.2.9 g cm 23 ) lower crust (e.g. O'Halloran & Rey 1999) matching lower crustal P-wave velocities of .6 km s 21 (Finlayson et al. 1979 (Finlayson et al. , 1980 (Finlayson et al. , 2002 Gibson et al. 1981) , which are consistent with a mafic oceanic basement for much of the Lachlan orogen.
Many models for the tectonic evolution of the Lachlan orogen suggest development in an intraplate setting involving a single marginal basin floored by attenuated Precambrian continental crust located between a subduction zone and the Australian continent (e.g. Powell 1983; Fergusson & Coney 1992b; Li & Powell 2001; Willman et al. 2002; Squire & Miller 2003; Braun & Pauselli 2004) . More complex scenarios for the evolution of the Lachlan orogen involve multiple subduction systems and microplates in a marginal oceanic setting behind the major, long-lived subduction system , 2004 Soesoo et al. 1997; Collins 1998; Foster & Gray 2000; Fergusson 2003) . The multiple subduction zone-microplate system implies that the basement for the Lachlan orogen is mainly oceanic and not continental, which is consistent with a suggestion made by Crook 40 years ago (Crook 1969) . A geodynamic setting involving marginal basin closure by subduction to form the Western and Central subprovinces of the Lachlan orogen, which are within the core of the orogen ) is suggested by: (1) the presence of dismembered ophiolite slivers along some major fault zones (Spaggiari et al. 2003a (Spaggiari et al. , 2004 ; (2) the lower temperature, intermediatepressure metamorphic conditions preserved in metasandstone and slate sequences of the Western Lachlan and external part of the Central Lachlan (Offler et al. 1998a; Spaggiari et al. 2003b) ; (3) the presence of broken formation in the Central and Eastern Lachlan (Miller & Gray 1997; Watson & Gray 2001) ; and (4) the presence of serpentinitematrix mélange incorporating blueschist blocks similar to those in the Franciscan Complex of California (Spaggiari et al. 2002a (Spaggiari et al. , b, 2003a .
Cambrian metavolcanic rocks of the Western and Central Lachlan orogen
Narrow fault-bounded belts of Cambrian ultramafic to andesitic metavolcanic rocks are exposed in the southwestern Lachlan orogen (Crawford 1988 ). Boninites and low-Ti andesites intruded by arc tholeiites provide evidence for Cambrian back-arc and forearc basin along with island arc settings and indicate a supra-subduction zone origin for the metavolcanic rocks Nelson et al. 1984; Crawford & Cameron 1985; Crawford & Keays 1987) . These belts have, therefore, been interpreted to be faulted slivers of the upper crust of a marginal oceanic basin (Fergusson 2003; Spaggiari et al. 2003a Spaggiari et al. , 2004 Foster et al. 2005) . The two largest exposures of metavolcanic rocks are in the Heathcote Belt and Mount Wellington Belt (Fig. 4; Crawford 1988; Spaggiari et al. 2004 ).
The Mount Wellington Belt includes exposed segments of Middle Cambrian, supra-subduction zone ophiolitic rocks at Dookie, Tatong, Howqua, and Dolodrook, which are within the Governor Fault Zone (Fig. 4a and b) . The adjacent Mount Wellington Fault Zone contains fault slices of calkalkaline andesitic rocks of the Jamieson-Licola assemblage that were thrust over the metavolcanic sequences in the Governor Fault Zone (Crawford 1988; Spaggiari et al. 2002b Spaggiari et al. , 2003b Fig. 5) .
The Dookie segment (Fig. 4) is the most northern exposure, and is dominated by tholeiitic basalt, dolerite and gabbro (Crawford 1988) . The mafic rocks were metamorphosed at prehnite -pumpellyite to lower greenschist facies and show significant hydrothermal alteration. Epidote, calcite, quartz (+ axinite) veins are widespread, and barite veins occur locally. U -Pb zircon data from a hornblende gabbro in the Dookie segment yielded an age of 501+0.7 Ma (Spaggiari et al. 2003a) .
The Howqua segment (Fig. 4) represents the most complete section of ophiolitic rocks in the Mount Wellington Belt (Crawford 1988; Spaggiari et al. 2002b ). The sequence consists of an imbricated section of tholeiitic pillow basalt, hyaloclasite, volcaniclastic rocks, dolerite, and gabbro, in fault contact with and underlain by mafic and ultramafic boninitic lavas and intrusions, underlain by mélange. The mélange contains large fault slivers of both tholeiitic and boninitic rocks, blocks of these rocks metamorphosed to blueschist facies in talc schist matrix, and slivers of Ordovician phyllite, slate and minor sandstone (Spaggiari et al. 2002a (Spaggiari et al. , b, 2003a (Spaggiari et al. , c, 2004 . The structurally highest, tholeiitic sequence was metamorphosed to prehnite -pumpellyite facies. Metamorphic pressure and temperature, as well as deformation intensity, increase down sequence into the mélange. The metamorphic pattern is interpreted as having formed by accretionary processes during underplating of the mélange, accompanied by duplexing of the upper sequences (Spaggiari et al. 2002a (Spaggiari et al. , 2004 . Part of the tholeiitic pillow basalt sequence is conformably overlain by and interbedded with chert and silicified black shale, which, in turn, is conformably overlain by turbidites. Earliest Ordovician (Lancefieldian, La2, c. 490 Ma) graptolites occur within the upper part of the chert sequence and Latest Cambrian (Datsonian) conodonts occur approximately midway (VandenBerg & Stewart 1992) . These fauna provide a minimum age of 491 Ma for the basalts, suggesting that the basalts are approximately the same age as the Dookie gabbro (c. 501 Ma). Tholeiitic rocks show midocean ridge basalt (MORB) to arc tholeiite characteristics and typical Fe-enrichment trends (Crawford & Keays 1987) . Older boninitic lavas are also present and most are very mafic (Crawford 1988 ).
Calk-alkaline rocks of the Jamieson-Licola assemblage are exposed within the Mount Wellington Fault Zone structurally above the Howqua segment (Fig. 4) . The sequence is best exposed in the Jamieson River and Licola regions and consists of andesitic to rhyodacitic lavas and minor pyroclastic deposits, voluminous volcanic breccias with interbedded volcanogenic sandstone, siltstone, lenses of black shale, and occasional limestone olistoliths (VandenBerg et al. 1995) . The lavas are locally pillowed or columnar jointed. The volcanic rocks are strongly deformed, except for some sections of massive lava, and metamorphosed to pumpellyite -actinolite and greenschist facies. Zircons from greenschist-facies andesite lava in the Licola region gave a U -Pb age of 500+8 Ma (Spaggiari et al. 2003a ). This age is in accord with Earliest Ordovician (Lancefieldian, La2, c. 490 Ma) graptolites that occur in a thin, black, pyritic shale lens in fault contact with underlying volcaniclastic rocks (VandenBerg et al. 1995) .
The Cambrian calc-alkaline igneous rocks in the Mount Wellington Belt were erupted through the basement of the Lachlan orogen and predate the Palaeozoic turbidite blanket. Cayley et al. (2002) argued that this belt of andesitic to rhyodacitic rocks was erupted through Precambrian continental crust of the Selwyn block because of the presence of intermediate to felsic compositions (see also Scheibner & Veevers 2000; VandenBerg et al. 2000) . Crawford et al. (2003) noted that the compositions of these rocks were very similar to that of the Mount Read volcanic assemblage of Tasmania (Crawford & Berry 1992) . Crawford & Berry (1992) interpreted the Mount Read volcanic rocks to be a post-collisional assemblage associated with extension. The volcanic arc-like characteristics of the andesitic rocks, however, are also similar to 'mature-stage', supra-subduction zone rocks described by Shervais (2001) .
In the next section we present trace element and whole-rock isotopic data from the metaigneous rocks in the Mount Wellington Belt along with a smaller number of samples from the Heathcote Belt in Tables 1 and 2 , and Figures 6 -9. The trace element, rare earth element (REE) and isotopic data for the metavolcanic rocks of the JamiesonLicola assemblage and related metavolcanic rocks (Tables 1 and 2 ) supplement published results (e.g. Nelson et al. 1984; Crawford 1988; VandenBerg et al. 1995) . These data have significant implications for the Cambrian tectonic setting of the Lachlan marginal basin and the nature of the lower crust, because they are not contaminated by continent-derived turbidites such as the Ordovician -Devonian igneous rocks of the Lachlan orogen. Major elements analysed by X-ray fluorescence. Trace elements analysed by inductively coupled plasma mass spectrometry (ICP-MS) using an Element-2 at the University of Florida. Sr isotopic ratios measured by thermalionization mass spectrometry using a Micromass Sector 54; Nd and Pb isotopic ratios measured by multi-collector ICP-MS using a Nu-Plasma instrument from spiked solutions at the University of Florida. LOI, loss on ignition.
Geochemistry of the Cambrian volcanic rocks
Normalized trace element plots show enrichment in large ion lithophile elements (LILE) and strong depletion in high field strength elements (HSFE) for the andesitic rocks (Fig. 6 ). REE trends (Fig. 7) of the andesitic rocks show light REE (LREE) enrichment and flat heavy REE (HREE) patterns typical of oceanic island arcs lacking deep melting processes in the presence of garnet. The one rhyolitic rock is more enriched in HREE. Eu anomalies are not exhibited by the samples so that plagioclase fraction was limited.
All of the basaltic rocks show HSFE compositions similar to MORB, but with arc-type enrichment in LILE consistent with oceanic back-arc basin igneous rocks. Tholeiitic basalts show flat REE patterns, which are also typical of oceanic back-arc basins. The Howqua boninite is extremely depleted in REE. Nelson et al. (1984) reported similar trace element data for these rock types.
Initial 87 Sr/ 86 Sr (500 Ma) ratios for all of the samples analysed range from about 0.704 to 0.708 (Fig. 8) . There is significant evidence for seawater alteration and mobilization of Sr isotopes in some samples so that some do not record primary values (see Nelson et al. 1984) . 1 Nd (500 Ma) values for the andesitic rocks are all positive and range from 0.1 to 4.2, and for the basaltic rocks are in the range of c. 4-8. The basaltic rocks approach the depleted mantle values for 500 Ma. The boninites also fall into this range. Nelson et al. (1984) reported one boninite sample with an initial 1 Nd of 29, which is far less radiogenic than anything we measured and is probably an artefact of very low Nd. Common Pb isotopic ratios for almost all of the samples, including the Jamieson -Licola andesites and rhyolite, lie above the curve for Bulk Earth and below that for average continental crust (Fig. 9) .
Taken together, the elemental and isotopic data are consistent with previous interpretations of Nelson et al. (1984) and Crawford (1988) that the Cambrian metavolcanic rocks in the Western and Central Lachlan were formed in a western Pacific-style oceanic marginal basin off the Australian continent. The older boninitic rocks may record early rifting of the forearc of a Delamerian subduction-arc system (Foster et al. 2005) . The younger tholeiitic rocks resemble basalts erupted during spreading of the proto-Lachlan back-arc basin, whereas the calc-alkaline rocks of the Jamieson-Licola assemblage were probably erupted on the back-arc basin crust in an ocean volcanic arc setting. LILE enrichment and strong depletion in HFSE in these rocks are consistent with derivation from metasomatized mantle above a subduction zone. The isotopic data are also consistent with an oceanic arc and back-arc setting. Table 1 . Table 1 . on Cambrian oceanic crust (reviewed by Glen et al. 2007) .
It is possible, however, that the intermediate Pb isotopic values and less radiogenic Nd isotopic values of some samples reflect minor contamination of older continental material. If Proterozoic lower crust is present under the Jamieson -Licola volcanic rocks then the Cambrian volcanic rocks were not significantly contaminated by it, or the Precambrian component was relatively young because it has not imparted an obvious signature on the isotopic data. Direct correlation between the Jamieson -Licola volcanic rocks and those in the Mount Read Belt of Tasmania (e.g. Cayley et al. 2002; Crawford et al. 2003) , are possible only if Precambrian crust of the Tasmanian microcontinent was much thinner under central Victoria. The results suggest that the Jamieson-Licola volcanic rocks developed as a volcanic arc above the Lachlan back-arc basin crust at the same time that the Mount Read volcanic rocks were erupted on the Tasmanian microcontinent, and the Mount Stavely volcanic rocks (Fig. 4) were erupted on the edge of the former Delamerian orogen in western Victoria.
Discussion
Accretionary orogens are major sites of continental growth, reconstruction, and world-class mineralization. They have been active over much of Earth history, and the modern circum-Pacific orogenic belts and marginal basin-arc systems show typical examples of many of the variations in processes and stages of development. Ancient examples include: Phanerozoic orogens such as the Tasmanides, Altides, and early history of the Appalachian orogen; Proterozoic belts such as the Yavapai and Central Plains orogens of North America, and the late Palaeoproterozoic to Mesoproterozoic orogens of central and western Australia; and possibly even some Archaean gneiss -granite -greenstone belts. The variations in geodynamic processes within accretionary orogens is very wide, with some consisting primarily of recycled and reworked older (Soesoo et al. 1997; Foster & Gray 2000) . Oceanic thrust systems were active in both the eastern and western parts of the basin from c. 455 to 439 Ma (Foster et al. 1999) . Oblique convergence at c. 410 Ma resulted in strike-slip motion on the shear zones bounding the Wagga-Omeo Metamorphic Belt (WOMB), and thrusting along the southern margin (Foster et al. 1999) . Widespread post-orogenic magmatism in the western part of the Western Lachlan orogen at c. 400 Ma was followed by final closure of the marginal basin (Melbourne Zone) at c. 390 Ma (Foster et al. 1999) . The collision between the Western Lachlan accretionary-style thrust belt and the Central Lachlan accretionary complex and magmatic arc was accompanied by localized strong to intense north-south folding and regional, meridional crenulation cleavage development in the Central Lachlan orogen (Morand & Gray 1999) . In the Eastern Lachlan orogen periods of shortening separated longer intervals of extension and extension-related volcanism above the outer subduction zone between c. 440 and 420 Ma, along with high-T metamorphism and syndeformational granitic magmatism (e.g. Cooma Complex; Fergusson & VandenBerg 1990; Zen 1995; Collins 2002b) . Closure of Early Devonian extensional basins formed within the older Macquarie Arc occurred between 410 and 390 Ma (Cobar Basin: Glen et al. 1992) and again between c. 360 and 340 Ma (Hill End Basin: Foster et al. 1999) . Post-orogenic magmatism in the eastern part of the Western Lachlan (central Victorian magmatic province) occurred at c. 370-360 Ma, and was followed by post-orogenic magmatism in the Eastern Lachlan orogen between 360 and 340 Ma. continental crust whereas others are constructed of almost entirely new continental crust composed of juvenile contributions from the mantle and structural thickening of oceanic materials. The most primitive accretionary orogens begin with oceanic elements combined with recycled continental detritus and many eventually become cratonized through thermal and chemical maturation processes. The Lachlan orogen is one of the type examples of a primitive accretionary orogen that began as a back-arc or marginal oceanic basin covered with a thick turbidite blanket, which was eventually closed by subduction processes (Fig. 10) . Episodes of voluminous granitoid magmatism, driven by subduction and extension, eventually thermally and chemically matured the crust leading to cratonization. The Lachlan style of accretion fits many continental growth and recycling models going back through geological time to the Archaean (e.g. Condie 1982; Hamilton 1988; Coney 1992; Royden 1993; Sengor & Natal'in 1996; Foster & Gray 2000; Collins 2002a, b; Ingersoll et al. 2003; Percival et al. 2004) . It is, however, critical to realize that long-term accretion in convergent settings does not typically occur simply through continuous subduction-accretion over hundreds of millions of years, but through a complex series of extensional events, some leading to marginal basins thousands of kilometres wide, interspersed with basin closure via subduction and shortening (e.g. Foster & Gray 2000; Collins 2002b; Bickford & Hill 2007) .
Most structural, geochemical, and geophysical data from the Lachlan and New England orogens suggest that they were constructed primarily on oceanic basement (reviewed by Glen 2005) . Whenever basement rocks to the Palaeozoic turbidite successions are exposed in the Lachlan orogen they consist of fault-bounded slices of Cambrian (and late Neoproterozoic?) mafic and ultramafic igneous rocks (Crawford 1988; Spaggiari et al. 2002a Spaggiari et al. , b, 2003a Spaggiari et al. -c, 2004 Crawford et al. 2003) . There may be small intervening blocks of thin continental basement involved in accretion, but they are subordinate to the overall oceanic basin setting. Ordovician island arc volcanic rocks form the dominant basement of the Eastern Lachlan orogen, but these were probably constructed on oceanic crust (Glen et al. , 2007 . The extrapolation of aeromagnetic anomalies from Tasmania, granitoid generation models, and sedimentary facies models for the early Palaeozoic turbidites and black shales have led several workers to conclude that a larger block of Proterozoic continental crust underlies the central-southern Lachlan orogen (Scheibner & Veevers 2000; VandenBerg et al. 2000; Cayley et al. 2002; Clemens 2003) . The new and previously published elemental and isotopic data from the Cambrian volcanic rocks that would have been erupted through this basement do not require the presence of Precambrian continental lower crust in this region, but do not totally rule it out. A structurally homogeneous and more felsic lower crust in this part of the Lachlan orogen could alternatively be the buried roots of a more extensive Cambrian Jamieson-Licola Arc assemblage.
In our interpretation, Western and Central Lachlan orogen accretion occurred by thickening and imbrication of extensive and thick submarine fans and the underlying marginal basic crust, in a Molucca Sea-style double-divergent subduction system (e.g. Hall et al. 1995) . In this scenario subduction zones were initiated on the opposing sides of a former Cambrian -Ordovician back-arc basin (Fig. 11) . Thrusting in the western Lachlan orogen resulted in marked shortening (c. 65 -70%) by chevron folding, cleavage development and thrust imbrication of the turbidites. Subduction along the eastern side of the marginal basin, represented by the Howqua Accretionary Complex, produced large elongate composite batholiths within a shear zone-bounded, NW -SE-trending magmatic arc, as well as the associated high-temperature-lowpressure metamorphism. The Eastern Lachlan orogen is dominated by crust composed of the fragmented Ordovician Macquarie Arc, which was periodically rifted and then shortened above an outboard subduction zone. Mafic to felsic magmatism throughout the Lachlan orogen was generated by a variety of processes over time including subduction, extension, crustal thickening, and post-orogenic extension (Figs 10 and 11) . The primitive nature of the initial tectonic elements of the Lachlan orogen also explains why this belt hosts a diverse range of rich mineral deposit types (e.g. Bierlein et al. 2002 Bierlein et al. , 2006 .
